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Abstract 
The present paper shows the work done around the correction of laser milled geometries on cutting tools made of tungsten carbide material. 
After the exposition of the error detection and correction methodology to be followed after the machining of a geometrical feature, the 
experimental procedure for the application of the methodology is exposed. Finally, the obtained results are exposed and discussed. The results 
show that the error detection methodology is able to identify properly the defective zones and define a laser milling process for their correction 
in order to obtain a geometry within the defined tolerances in comparison to the theoretical one. 
© 2014 The Authors. Published by Elsevier B.V. 
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the Conference Chairs Giovanni Moroni and Tullio Tolio. 
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1. Introduction 
Thanks to the capabilities and flexibility of the ultrafast 
laser ablation processes, their application range is getting 
broader even being applied to areas traditionally dominated by 
other technologies. The preparation of cutting tools made of 
hard materials has conventionally been made by grinding 
processes. Yet, novel applications of ultrafast laser ablation 
technologies as the machining of the cutting geometry, the 
edge sharpening or the machining of chip-breakers on the 
flank surfaces have proven promising. 
Regarding the cutting tool market, some of the advantages 
of the ultrafast laser ablation process would include: lack of 
the need of a physical tool avoiding the wear that would be 
linked to the grinding processes; the generation of cleaner 
edges than the ones obtained by grinding thanks to the 
capability of the laser beam to cut the hard particles instead of 
breaking them [1]; the possibility to machine detailed and 
accurate features on the cutting tools thanks to the small laser 
beam diameters; the possibility to texturize the contact faces 
of the cutting tools in order to improve the friction 
characteristics of the tools, diminishing the cutting forces and 
the tool wear [2]. 
However, several instabilities linked to the laser ablation 
process as unsteady laser source energy output, lifting of the 
material during machining, poor surface quality (scratches and 
defects) or inhomogeneities on the workpiece material can 
generate deviations on the workpieces from the desired 
theoretical geometries to be machined. The appearance of 
these defects, linked to the high operational costs and long 
processing times related to ultrafast laser ablation process, can 
make the process non-competitive in comparison to the 
traditionally employed manufacturing processes. 
While equipment (observation systems and sensors) can be 
found on the market for laser machining monitoring and 
control, they are mainly oriented to macro-machining tasks 
such as laser welding [3]. In the case of ultrafast laser ablation 
process, more sensitive sensors with very high dynamics are 
required. This way, complex equipment and methodologies 
are being developed and applied to the ultrafast laser ablation 
machining in order to implement real-time process control [4]. 
Nevertheless, for the definition of an adaptive process 
control scheme, a considerable work for the monitoring of the 
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process state and parameters should be carried out. 
Furthermore, the monitoring data would require extensive 
analysis so that decisions could be defined for the correction 
of the process parameters. 
This way, the present work, instead of defining an adaptive 
process control scheme, proposes the use of an error detection 
and correction methodology on the laser milling process in 
order that a defect minimization scheme can be incorporated 
into it without the need of complex equipment for the 
extensive monitoring of process data. 
 
Nomenclature 
λ Laser wavelength (nm) 
f Laser repetition rate (kHz) 
P Laser power (W) 
τH Laser pulse duration (ps) 
vs Scanning speed (mm·s-1) 
dw Laser focal diameter (μm) 
2. Error detection and correction methodology 
Due to the low material removal rates (2÷3 mm3·min-1) 
obtained on WC based tool materials [5], it was decided to 
apply the error correction methodology only to the control of 
key geometrical features (final shape) instead to the whole 
process for the manufacturing of complex geometries on 
cutting tools. 
Figure 1 shows the structure for the error identification and 
correction methodology proposed on the present work. This 
way, after the machining of a key geometrical feature, it 
would be measured so that it can be compared to the 
theoretical geometry. Once this comparison is carried out, 
decision can be made about going on with the process if the 
machined geometry is within the desired accuracy, scrap it if 
the generated errors are not recoverable or, if it can be 
corrected, define a new machining loop for the generation of 
the desired geometry. 
 
 
Fig. 1. Schematic for the error detection and correction methodology. 
The definition of a new machining step for the error 
correction is carried out as follows. After the comparison of 
the actual and theoretical geometries, a difference is 
calculated. This difference is divided into elemental square 
areas and a height error is calculated for each of them. The 
height error for each elemental area is compared to the desired 
geometrical accuracy so, if the error is bigger than the defined 
accuracy value, its (X,Y,Z) location and desired correction 
depth is written into a NC code file. Then, for every location, 
a laser milling process already coded into a parameterized NC 
cycle on the laser ablation machine is carried out, in order to 
achieve the correction of the geometrical defects. 
3. Experimental procedure 
The laser ablation machine employed has been the IK-
Laser developed inside IK4-Ideko (Figure 2) equipped with a 
laser beam source Picosecond LUMERA Hyper rapid 25. The 
laser pulse characteristics employed for the laser milling trials 
were based on bibliography data [5,6] and optimized for 
achieving the desired quality on preliminary tests: wavelength 
(λ) 1064 nm, repetition rate (f) 500 kHz, power (P) 2,88 W, 
pulse duration (τH) 9,6 ps, scanning speed (vs) 5 mm·s-1 and a 
focal diameter (dw) of 25 μm. All of the machining work was 
carried out at standard atmospheric conditions without any 
gas assistance. 
 
 
Fig. 2. The in-house developed ultrafast laser ablation machine IK-Laser. 
The error identification and correction methodology has 
been applied to the laser milling of square cavities of 0.5 mm 
side and 50 μm depth on cutting tool material (WC+Co). 
Artificial geometrical defects were introduced into the 
theoretical geometries in order to evaluate the capability of 
the error correction methodology. 
The correction of the geometrical errors is based on the 
calculation of the difference between the actual and the 
theoretical geometries. In order to obtain numerical values for 
the comparison of the actual and theoretical geometries, the 
laser milled geometries have been measured by confocal 
means employing a Sensofar PLu Neox 3D optical profiler. 
Due to the need to measure the laser milled surface out of the 
machine, a zero-clamping system is employed (Erowa FTS) 
with a clamping repeatability < 2 μm for the fixation of the 
workpiece on the machine. 
The correction of the artificially defective geometries is 
carried out by laser milling of the elemental square areas. The 
laser milling strategy employed is based on the milling of 
several layers on the Z direction of the cavity until the desired 
cavity depth is achieved. Each layer on the Z direction 
presented a 5 μm depth, requiring the layering of several Z 
levels for attaining the desired cavity depth. The machining of 
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each Z level was based on the overlapping of several laser 
scanning paths. The overlapping value was 5 μm, requiring 6 
scanning paths for obtaining the desired cavity side. The 
schematic for the laser trajectory on each Z level can be seen 
on Figure 3. 
 
 
Fig. 3. Laser trajectory for each Z level of the defect correction process. 
In this case, laser pulse characteristics were: wavelength 
(λ) 1064 nm, repetition rate (f) 500 kHz, power (P) 2,88 W, 
pulse duration (τH) 9,6 ps, scanning speed (vs) 5 mm·s-1 and a 
focal diameter (dw) of 25 μm. 
4. Results and discussion 
Figure 4 shows the top image of the laser milled cavity 
with the artificially introduced defect (unmachined corner). 
Once the cavity is measured by confocal means it is treated by 
a Matlab program. It is compared to the theoretical geometry, 
obtaining the difference between both geometries. Figure 5 
shows top and 3D representations of the measurement data, 
the theoretical geometry and the difference between both. 
 
 
Fig. 4. Top image of the laser milled cavity with the artificial defect. 
 
 
Fig. 5. Top and 3D representation of a) laser milled cavity measurement data, 
b) theoretical geometry and c) difference between both. 
Once obtained the difference between the actual and the 
theoretical geometries, it is discretized into elemental areas. 
Figure 6 shows top and 3D representations of the difference 
before and after the discretization into 30 μm sided square 
areas. By comparison of the mean height of each elemental 
area with the tolerance error defined for the manufactured 
component (30 μm), the areas that would require a correction 
are identified. 
 
 
Fig. 6. Top and 3D representation of the difference between the actual and 
theoretical data before and after its discretization. 
Once the zones that will be corrected are identified, their 
(X,Y,Z) location is stored together with the required 
correction depth. Finally, the Matlab program writes this data 
into a NC code file so that it can be run on the ultrafast laser 
ablation machine for the correction of the defective geometry. 
Finally, Figure 8 shows a top image of the laser milled 
cavity shown in Figure 4, after the error correction 
methodology has been applied. Figure 9 shows top 
representations of the machined geometry before and after the 
correction methodology has been applied. As it can be seen, 
the artificially introduced error (unmachined corner) is 
corrected by the methodology presented here. Furthermore, 
some correction steps are created close to the walls of the 
cavity for the elimination of the slopes originally generated on 
them, indicating the capability of the methodology to detect 
a) b) c)
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errors generated on the laser milled geometry besides the 
artificially introduced one. 
 
 
Fig. 8. Top image of the laser milled cavity after the correction of the defect. 
 
 
Fig. 9. Top representation of the machined geometry a) before and b) after the 
correction of the artificial defect. 
However, it can be seen that the depth on the corrected 
zones is different to the rest of the cavity. While the zones 
close to the cavity walls show a slightly deeper surface, the 
machined surface on the zone related to the artificially 
introduced defect is above the original depth of the cavity. 
This indicates that the laser milling process employed for the 
correction of the defective zones should be modified 
depending on the geometry to be corrected in order to obtain a 
consistent depth value on the whole cavity. 
Besides, the vertical walls created on the zone where the 
artificial defect was located do not match perfectly the walls 
from the original geometry, showing a slight offset (5-10 μm) 
with them. This point is related to the size of the areas 
employed for the error evaluation and their X-Y location 
concerning the original geometry. These points will be further 
analysed in order to obtain better dimensional accuracy on the 
corrected geometries. 
Finally, it is worthy to mention that the impact of the 
present methodology on the effective throughput of the 
process has not been analysed. This will be a key point 
regarding the possible industrial applicability of the 
methodology presented here, and needs to be studied if the 
evaluation of this methodology will be carried out concerning 
the whole cost and productivity of the laser milling process. 
5. Conclusions 
After the analysis of the exposed results, next conclusions 
can be drawn: 
x The confocal microscopy is able to characterize 
successfully the laser milled surfaces. 
x The difference between the theoretical and laser milled 
geometries allows the precise identification of the zones 
that should be corrected. 
x The proposed methodology is capable to automatically 
generate a NC program for the correction of the defective 
geometries in order to obtain the desired geometry. 
x The different parameters employed on the correction 
methodology need to adequately be tuned up in order to 
obtain the desired quality on the laser milled geometries. 
x The effect of the present methodology on the throughput of 
the laser milling process needs to be analysed in order to 
evaluate the industrial applicability of the error correction 
methodology. 
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